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Macauba oilMacauba is a Brazilian palm tree with high edible oil productivity and of great interest to many applica-
tions. In the oil extraction process, solvent recovery is one point of major concern, due to its high energy
consumption and oil quality losses. Those drawbacks can be partially overcome by integration of mem-
brane technology to the usual solvent distillation step. The present work tested four ultraﬁltration (UF)
and one nanoﬁltration (NF) membrane (Microdyn-Nadir) on the solvent recovery of synthetic mixtures of
macauba oil and n-hexane. Membranes were pre-treated before use with different solvents in speciﬁc
time lengths, according to preliminary studies. The membrane performance was evaluated by permeate
ﬂux and oil retention. Macauba (pulp and kernel) oil was evaluated by determinations of acidity, peroxide
value and fatty acid proﬁle. Membranes showed usual ﬂux behaviour, compatible with other studies con-
cerning oil/solvent mixtures permeation, although its values were quite above the expected. Best results
for retention (>30%) are related to the membranes with lower molar mass cut-off (MMCO), and the best
balance between permeate ﬂux and oil retention was found for the NF membrane (12.4 g m2 h1, 34.7%).
 2015 Elsevier Ltd. All rights reserved.1. Introduction
Macauba is a Brazilian palm tree that produces eatable fruits,
with a ﬁbrous pulp of sweet ﬂavour. This palm tree presents sev-
eral competitive advantages in comparison to other palm trees,
as the reduction of the erosion risks, recovery of damaged soil
areas, agricultural farming and the continuous demand of work-
force. Both the pulp and the kernel present average oil yields of
55% (dry basis) and high protein content (CETEC, 1983). Due to
its high productivity (up to 6000 L ha1), the macauba rises on
the energy scenario as a viable alternative to supplement the veg-
etable oil demand. Furthermore, macauba oil can be used to pro-
duce cooking oil, substitutes for hydrogenated fat and to produce
various candies (Hiane et al., 2005).
However, macauba productive chain is still in development. The
oil extraction is often performed mechanically and in a rudimen-
tary way. The mechanical oil extraction has the disadvantage of
resulting in a cake with high oil content (20%). Therefore, for a
better yield, this process can be combined with organic solvent
extraction, usually n-hexane, which requires the solvent removal
and recovery steps. Hexane’s popularity in this process is due toits high extraction efﬁciency and commercial availability, despite
its environmental and safety disadvantages (Russin et al., 2011).
Usually, the solvent is removed by evaporation. However, this
procedure involves high-energy consumption and eventual losses
on oil quality due to overheating. Compared to conventional com-
petitive separation operations, membrane processes have the ben-
eﬁt of preserving sensory characteristics of the original product
with lower risk of contamination and operating under milder con-
ditions (Labanda et al., 2009; Mohammad et al., 2012). Thus, the
overheating drawback could be avoided using membrane technol-
ogy to partially desolventise or degum oil/solvent mixtures. Sev-
eral authors tested different oil/solvent mixtures and membranes
with this aim. Souza et al. (2008) studied corn oil/n-hexane mix-
tures degumming in ceramic membranes and reported permeate
ﬂuxes of 120 kg h1 m2 with gum retentions from 64.7% to
93.5%. Manjula et al. (2011) reported mustard oil, groundnut oil,
rice bran oil, sunﬂower oil and coconut oil permeation using poly-
meric composite hydrophobic dense membranes and showed
inverse relationship between viscosity and total ﬂux under undi-
luted and various levels of hexane-diluted conditions. Pagliero
et al. (2011) tested sunﬂower oil/n-hexane mixtures ﬁltration in
tailored and commercial composite polymeric membranes,
achieving higher permeate ﬂux of 12 L m2 h1 and 46.2% oil
retention.
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still in progress, requiring more investigation on membranes
behaviour in contact with the solvents. An ideal membrane for
use in oil/solvent systems must combine good oil retention and
high permeate ﬂuxes with long term stability. According to exper-
imental observation and semi-empiric models, organic solvent per-
meation through polymeric membranes is not based only on the
viscosity of the solution or molecular diffusion. Additional param-
eters as the interaction phenomena between the solvent and the
membrane must also be taken into account, as superﬁcial tension,
sorption and the hydrophilicity or hydrophobicity of the interfaces
(Guizard et al., 2002).
Thus, ultraﬁltration (UF) and nanoﬁltration (NF) membranes
(Microdyn-Nadir) were tested on desolventising macauba oil and
n-hexane mixtures. To improve permeability to the solvent, mem-
branes were pre-treated with different solvents in speciﬁc time
lengths, according to preliminary studies. Membrane performance
was evaluated through permeate ﬂux and oil retention. Macauba
pulp and kernel oils were also characterised regarding acidity, per-
oxide value, fatty acid proﬁle and qualitative analysis of lipid
classes.
2. Materials and methods
2.1. Materials
2.1.1. Macauba oils
Raw macauba oils from pulp and kernel, obtained by mechani-
cal extraction, were purchased from Cocal Special Oils Ltd. (Abaeté,
Minas Gerais, Brazil). According to the supplier, oils were sent with
acidity of 45% for the pulp and 10% for the kernel. Oils were stored
in 1 L amber glass ﬂasks, in inert atmosphere (N2) at approximately
18 C, to minimise degradation.
2.1.2. Membranes
Flat sheet membranes tested (Table 1) were acquired from
Microdyn-Nadir. The effective surface area in each experimental
run was 9.08 cm2.
2.1.3. Solvents
Solvents used in pre-treatments and in the preparation of oil/
solvent mixtures were all analytical grade (>99%, Vetec, Brazil).
2.2. Methods
2.2.1. Membrane pre-treatment
Pre-treatments were applied to each membrane before
use, based on preliminary studies, which yielded the highestTable 1
Manufacturer data for the membranes tested on the ﬁltration of macauba and n-
hexane mixtures.
Membrane UH004 UP005 UP010 UH050 NP010
Material PESH PES PES PESH PES
MMCO (kDa) 4 5 10 50 1
Tmax (C) 95 95 95 95 95
pH range 0–14 0–14 0–14 0–14 0–14
Retention (%) 92–99a 91–98a 63–85b 75–88c 35–75d
PESH – hydrophilic polyethersulfone.
PES – polyethersulfone.
MMCO – molar mass cut-off.
Tmax – maximum temperature.
a Test solute Dextran 10.
b Test solute PVP K17.
c Test solute PVP K30.
d Rejection to Na2SO4.pure-n-hexane ﬂuxes. The pre-treatment consisted in immersing
the membrane in a sequence of an alcohol (ethanol or iso-propa-
nol) followed by n-hexane, during a speciﬁc time. More details of
pre-treatments will be presented in Section 3.1 (Table 3). Each
assay was performed with a new membrane sheet, in duplicates.
2.2.2. Permeation assays
After pre-treatment, membranes were assembled in a bench
scale stainless steel ﬁltration unit. The ﬁltration system consisted
of a batch dead-end module, with a 250 mL working volume. Work
pressures for the membranes were 4 bar for UH050, 10 bar for
UH004, UP005 and UP010, and 20 bar for NP010.
During each experiment, samples of permeate were collected
every 5 min during the ﬁrst 60 min and two more samples at
75 min and 90 min. Permeate samples were collected in amber
ﬂasks with stopper and cap.
After the ﬁnal weighing, oil retention (%) was calculated for
each membrane in each pre-treatment, as described elsewhere
(Pagliero et al., 2011; Tsui and Cheryan, 2004), by Eq. (1):
Rð%Þ ¼ 1 CP
CR
 
 100 ð1Þ
where CP is the oil concentration in the permeate and CR is the oil
concentration in the retentate.
2.2.3. Oil characterisation and degumming
2.2.3.1. Degumming. The degumming was carried out by the
method proposed by De and Patel (2010), with some adaptations.
Water was added to the crude oil, in 3% v/v. Then, the samples
were heated under magnetic stirring at 65 C for 25 min. After
cooling, the water extracts the gum, and the aqueous phase was
separated from the degummed oil by centrifugation at 13,500 g
(Beckman Coulter Optima L-90 K) for 15 min. After degumming,
oils were stored in 1 L amber glass ﬂasks, in inert atmosphere
(N2) at approximately 18 C, to minimise degradation.
2.2.3.2. Acidity. The determination of free fatty acids in macauba oil
(kernel and pulp) samples was performed by titration according to
the method AOCS Cd 3d-63 (AOCS, 1997).
2.2.3.3. Peroxide value. The determination of peroxide in the sam-
ples of macauba oils (kernel and pulp) was performed by titration,
according to the method AOCS Cd 8-53 (AOCS, 1997).
2.2.3.4. Qualitative analysis of lipid classes. The lipid classes were
determined by thin layer chromatography (TLC) on Silica Gel H
using n-hexane/diethylether/acetic acid (80:20:1) as developing
solvent. Lipid fractions were revealed by exposing the plates to
iodine vapours (Aceites y Grasas, 2002).
2.2.3.5. Fatty acids proﬁle. The fatty acid proﬁle determination in
macauba pulp and kernel oil samples were analysed in a GC Shima-
dzu 14B equipped with FID and a capillary column SGE BPX70
(25 m  0.32 mm  0.25 m). Samples were previously derivatised
to the corresponding methyl esters according to AOCS Ce 2-66
method (AOCS, 1997). The temperature program followed heating
from 433 K to 503 K at rate of 4 K/min and then holding for 10 min.
Nitrogen was used as the carrier gas at 50 kPa.
2.2.4. Synthetic macauba oil and n-hexane mixtures
The macauba oil and n-hexane mixtures were produced in three
different ratios (1:5, 1:3 and 1:1 w/w). These ratios were chosen to
simulate the mixtures obtained in the edible oil industry, between
20% and 30% (1:3) of oil (w/w) (Kassing et al., 2010), and other pro-
portions above and below the average (1:5 and 1:1).
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masses of n-hexane were measured and both were mixed in amber
glass with bung lid to prevent loss of solvent to the atmosphere.
Homogenisation was performed by manual agitation.2.2.4.1. Viscosity. The viscosity of the oil mixtures, as well as pure
oil and pure solvent, was measured using a rheometer (Thermo-
haake VT – 550). This analysis was performed at 25 C and a shear
rate between 0.05 and 4000 s1, for the pure solvents and mixtures
thereof, and from 0.05 to 1000 s1 for pure oil.3. Results and discussion
3.1. Permeation assays
Permeate ﬂux curves versus time can be observed in Figs. 1–5,
for each membrane in all pre-treatments and oil ratios. Flux
behaviour was similar for all studied membranes, at all oil ratios
in the feed. Membrane performance shows three distinct stages: a
steep ﬂux reduction in the ﬁrst 20 min, followed by a deceleration
on this ﬂux reduction rate and a tendency to stabilisation. The
initial reduction can be related to the concentration polarisation,
and the subsequent ﬂux drop may be attributed to fouling. In
most cases, the stabilisation can be observed after 60 min of per-
meation. Similar behaviours are reported for permeation of oil/
hexane mixtures through UF and NF polymeric membranes using
mustard oil, groundnut oil, rice bran oil, sunﬂower oil and coco-
nut oil (Araki et al., 2010; Manjula et al., 2011), sunﬂower oil
(Pagliero et al., 2011), and in soybean oil (Firman et al., 2013).
Pagliero et al. (2011) also reported the phenomena of concentra-
tion polarisation and generation of a gel layer at membrane sur-
face as the responsible for ﬂux reduction at the beginning of
sunﬂower oil and n-hexane mixtures ﬁltration with polymeric
membranes.
Initial reductions on permeate ﬂuxes were more expressive for
membranes with higher molar mass cut-off (UP010 e UH050),
around 50–70%, with 1:5 macauba oil/n-hexane mixtures. The
greater differences in ﬂux values associated with larger pore size
membranes is probably due to the larger extent and impact of foul-
ing promoting internal pore blockage (Tsagaraki and Lazarides,
2012). Due to higher pore sizes, the steep reductions may be asso-
ciated with the occurrence of fouling, probably caused by phospho-
lipids (gums) that were not completely removed by the
conventional degumming process. In studies on the desolventising
of mixtures of sunﬂower and soybean oils in n-hexane with porous
polymeric membranes, Pagliero et al. (2007) also associates the
sharp falls on permeate ﬂux with fouling.
Both fouling and concentration polarisation are phenomena
that can be minimised, yet not fully avoided. This can result on
increases in membrane permeation resistance. Besides, the reduc-
tion of permeate ﬂux along the experiment can be related to mem-
brane compaction, associated with work pressure. Thus, it reports
normal polymeric membrane behaviour (Moura et al., 2005).
Permeate ﬂuxes have not presented a clear relation with the
type of solvent used on the pre-treatment. In general, membranes
UH004 and UP010 presented higher ﬂuxes when pre-treated with
iso-propanol. For the other membranes, pre-treatments with etha-
nol showed better permeate ﬂux results.
Other hypothesis, pointed out by Marenchino et al. (2006),
takes into account the hydrophilic nature of the membrane and
presumes that the ﬂux reduction behaviour would be caused by
the presence of small amounts of humidity in the oil. The water
preferential adsorption on the internal surface of the membrane
pores would lead to a reduction on the effective pores permeable
to n-hexane, therefore reducing the ﬂuxes.For all studied membranes, permeate ﬂuxes present low values
when compared to water ﬂuxes. The highest values for average ﬂux
were obtained with UH050 (even though the transmembrane pres-
sure for this membrane was lower – 4 bar) conditioned in ethanol
for 12 h followed by 12 h in n-hexane (177.4 g m2 h1) and condi-
tioned in iso-propanol for 2 h followed by 2 h in n-hexane
(53.4 g m2 h1), for macauba oil and n-hexane ratio of 1:5.
According to Tsagaraki and Lazarides (2012), increased pore sizes
probably results in a signiﬁcant decrease on membrane tortuosity
and a respectively signiﬁcant increase in permeate ﬂux. In some
cases, no measurable ﬂuxes were obtained.
Although direct comparisons with literature data are usually
inaccurate, since other oils are reported, the experimental data
found for the macauba oil permeation assays were compared with
those found by Tres et al. (2012). Fluxes obtained with UP005 in
1:3 mixtures, in this work, were compared to membranes of the
same material (PES) and pore size (5 kDa) from GE-Osmonics,
used by those authors in the permeation of 1:3 mixtures of soy-
bean oil and n-hexane, at the same working pressure. In this case,
it can be seen that ﬂuxes found were approximately 260 times
higher than those found in our study for UP005. This difference
may be related to experimental variation between works, such as
membranes manufacturers, materials, pore sizes and distributions,
as well as on the edible oils tested. Despite that fact, ﬂuxes pre-
sented by UP005 were low when compared with ﬂuxes presented
by those authors.
It is also possible to analyse, in Figs. 1–5, that the increase in the
oil fraction in the feed leads to a reduction in permeate ﬂux, in
most cases. These reductions can be clearly seen and reach around
60% for UH004, between ratios 1:5 to 1:1, in ethanol pre-treatment
and 90% for UP010 between the same ratios, but conditioned with
iso-propanol. Only for NP010, an increase of almost 100% in perme-
ate ﬂux was observed comparing the oil ratios of 1:5 and 1:3, using
the pre-treatment with iso-propanol. On the other hand, the same
increase in feed ratio, for the membranes pre-treated with ethanol,
promoted ﬂuxes 2000 times lower.
Several authors relate this reduction on permeate ﬂux to the
increase in viscosity of the mixtures. Moura et al. (2005) observed
increases in permeate ﬂuxes comparing ﬂuxes of pure raw oil (high
viscosity) with mixtures of oil/n-hexane 1:4 (low viscosity).
Marenchino et al. (2006), Pagliero et al. (2011) and Firman et al.
(2013) reported that the increase of the process temperature
reduces the viscosity of the mixtures and consequently promotes
gains in permeate ﬂuxes. Tsagaraki and Lazarides (2012) also
pointed out that lower viscosities cause higher Reynolds number,
thus, improved turbulence, which plays a signiﬁcant role on avoid-
ing fouling and concentration polarisation.
Measured values for viscosities of the solvent, pure oil and their
mixtures are listed in Table 2.
The ﬂuids presented Newtonian behaviour, and did not show
thixotropy or rheopexy. Increases of about 240% in the viscosity
can be seen from feed ratio 1:5 to 1:1 and of 140% from 1:3 to
1:1. Between the proportions 1:5 and 1:3, viscosity raises only
38%. Thus, the results shown for the viscosity corroborate with per-
meate ﬂuxes reduction veriﬁed with the raise of oil fraction on feed
mixture, as previously mentioned.
Membrane performance was also evaluated for its oil retention
ability, fundamental parameter for its application on desolventis-
ing. Table 3 shows the values for average oil retention for each
membrane with different pre-treatments and oil proportions.
For UP005, UH050 and NP010 (between 1:5 and 1:3), rejection
grows as the oil fraction in the mixture increases. However, for
UH004, UP010 and NP010 membranes (between 1:5 and 1:1) the
opposite behaviour is observed: the increase in oil fraction pro-
motes a decrease in membrane oil retention. This behaviour may
be connected to phenomena such as swelling and plasticisation
Fig. 1. Permeate ﬂux for UH004 after pre-treatments (a) 12 h ethanol + 12 h n-hexane and (b) 12 h iso-propanol + 12 h n-hexane.
Fig. 2. Permeate ﬂux for UP005 after pre-treatments (a) 12 h ethanol + 12 h n-hexane and (b) 2 h iso-propanol + 2 h n-hexane.
Fig. 3. Permeate ﬂux for UP010 after pre-treatments (a) 12 h ethanol + 12 h n-hexane and (b) 12 h iso-propanol + 2 h n-hexane.
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esis is supported by visual inspection of membranes that were
quite translucent after macauba oil/n-hexane 1:1 permeation
assays.
In many cases, negative retentions were observed. Negative
retention indicate that the solute is enriched in the permeate
stream as compared to the bulk feed concentration (Postel et al.,
2013). This means that, for those membranes, the selective barrier
is offered to n-hexane rather than to macauba oil. Tres et al. (2012)
also observed similar results on soybean oil and n-hexane mixturespermeation through polymeric membranes. According to these
researchers, negative retentions can be associated with membrane
plasticisation. Due to system pressure, when bulk oil concentration
increases, the oil concentration at the membrane surface also
increases and possibly intensiﬁes the effects of swelling and plas-
ticisation. When these phenomena take place, the prediction of
mass transport is troublesome, since the membrane material also
seems to play an important role in permeation. Koops et al.
(2001) also reported negative retentions in mixtures of n-hexane
and linear carboxylic acids permeated through cellulose acetate
Fig. 4. Permeate ﬂux for UH050 after pre-treatments (a) 12 h ethanol + 12 h n-hexane and (b) 2 h iso-propanol + 2 h n-hexane.
Fig. 5. Permeate ﬂux for NP010 after pre-treatments (a) 2 h ethanol + 12 h n-hexane and (b) 12 h iso-propanol + 12 h n-hexane.
Table 2
Viscosities for n-hexane, macauba oil
and their mixtures (Mixture ratios are
expressed as oil:n-hexane).
Sample l (mPa s)
Pure n-hexane 0.60
Mixture 1:5 0.70
Mixture 1:3 0.97
Mixture 1:1 2.36
Pure macauba oil 61.75
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caused by strong interactions of the solute with the acetate groups
in the membrane, reinforcing the role of solute–solvent–mem-
brane interaction in permeation and retention of porous
membranes.
The highest retentions were obtained for UP005 with feed ratio
of 1:3 and pre-treatment in ethanol (35.6%), UH004, mixture ratio
1:5 and iso-propanol pre-treatment (35.0%), and NP010 pre-treated
in ethanol and fed with oil/solvent ratio of 1:5 (34.7%).3.2. Macauba oil
Table 4 presents the results for acidity of pulp and kernel oils.
Values were higher for the pulp acidity than for the kernel (around
3 times higher). This can be due to the fact that the pulp is more
susceptible to degradation agents (light, heat and oxygen) as well
as for its bigger surface area and exposure to microorganisms,
whilst the kernel is protected inside the pulp.According to Bora and Rocha (2004), the presence of lipase,
endogenous to the macauba pulp, greatly contributes to the
increased acidity. Souza et al. (2010) found large increases (up to
6 times higher) in acidity of the macauba pulp oil after subjecting
the fruit to drying in oven with air circulation at 60 C for 24 and
48 h, when compared to oil obtained from fruits freshly picked.
Hiane et al. (2005) found acidities of 0.83% (free fatty acids) for
the macauba pulp oil extracted by Bligh & Dyer method from
freshly harvested fruit. These same authors also determined acidity
of oils obtained from macauba pulp ﬂour, whereas the ﬂour con-
sisted of pulp subjected to heat treatment of 40–50 C and forced
air circulation for 4 h, and veriﬁed acidities 4 times higher when
compared to raw pulp oil. These results show the inﬂuence of tem-
perature on the hydrolysis and consequently the quality of the ﬁnal
macauba pulp oil.
The oil of the kernel presented lower acidity than the pulp oil,
yet high when compared to the results found by Bora and Rocha
(2004), 2.1%, Hiane et al. (2005), 0.21% and Amaral et al. (2011),
6.23%. Macauba oil extraction is usually performed in a rudimen-
tary way, with no well-established method and low technology
industrial process (Silva and Andrade, 2013). In general, the oil is
extracted with a combination of mechanical and solvent extrac-
tion, with low or no process control, resulting in products with
poor quality such as high acidity and peroxide value. These factors
contribute to the high degree of hydrolysis of the oil.
The comparison of these results with the initial oil acidity data
reported by the supplier (45% pulp and 10% kernel) indicates fast
degradation, possibly due to exposure to external oxidation agents
during transport.
Table 3
Average oil retention for each membrane with respective pre-treatment in each mixture ratio tested.
Membrane Pre-treatment Mixture ratio (oil:n-hexane) Retention (%)
UH004 12 h ethanol + 12 h n-hexane 1:5 18.2a ± 1.1
1:3 14.7 ± 1.6
1:1 9.4 ± 0.9
12 h iso-propanol + 12 h n-hexane 1:5 35.0b ± 0.3
UP005 12 h ethanol + 12 h n-hexane 1:5 18.9a ± 0.4
1:3 35.6a ± 1.0
2 h iso-propanol + 2 h n-hexane 1:5 21.9b ± 4.0
1:3 26.9b ± 2.9
UP010 12 h ethanol + 12 h n-hexane 1:5 13.8a ± 0.4
1:3 4.9a ± 2.5
1:1 3.2a ± 0.9
12 h iso-propanol + 2 h n-hexane 1:5 2.0b ± 1.4
1:3 0.8a ± 0.1
1:1 13.3b ± 0.9
UH050 12 h ethanol + 12 h n-hexane 1:5 1.6a ± 0.3
1:3 2.0a ± 0.1
1:1 9.5a ± 1.1
2 h iso-propanol + 2 h n-hexane 1:5 7.9b ± 1.4
1:3 2.6a ± 0.4
1:1 0.9b ± 0.5
NP010 2 h ethanol + 12 h n-hexane 1:5 34.7a ± 1.3
1:3 29.6a ± 1.2
12 h iso-propanol + 12 h n-hexane 1:5 19.7b ± 0.2
1:3 26.3b ± 1.0
1:1 1.9 ± 0.2
a,b Values followed by different lowercase letters, indicate signiﬁcant difference (signiﬁcance level of 5%) between the samples in different pre-treatment for the same
membrane and feed ratio.
Table 4
Characterisation of macauba pulp and kernel oils before and after membrane
ﬁltration process.
Acidity (goleic acid.
(100 g)1)
Peroxide value
(meq kg1)
Pulp (before ﬁltration) 65.42 ± 0.11 5.84 ± 0.12
Kernel (before ﬁltration) 21.69a ± 0.17 0.84a ± 0.10
Kernel (after UH004) 21.00a ± 1.44 0.86a ± 0.03
Kernel (after UP005) 21.20a ± 0.45 0.85a ± 0.06
Kernel (after NP010) 21.20a ± 0.31 0.88a ± 0.13
Pulp (Hiane et al., 2005) 0.83 2.09
Kernel (Hiane et al., 2005) 0.21 0
Pulp (Bora and Rocha,
2004)
– 2.97
Kernel (Bora and Rocha,
2004)
2.1 1.37
Kernel (Amaral et al.,
2011)
6.23 –
a Values followed by different lowercase letters, indicate signiﬁcant difference
(signiﬁcance level of 5%) between the samples before and after ﬁltration with
indicated membranes at best retention conditions.
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found are higher than those reported by Hiane et al. (2005)
(0 meq kg1 kernel and 2.09 meq kg1 pulp). Compared with the
results found by Bora and Rocha (2004), peroxide values in this
work outweigh the reported value by those authors for macauba
pulp oil (2.97 meq kg1), but present lower values for the kernel’s
oil (1.37 meq kg1). The inferior values found by those authors for
the pulp oil can be related to the fact that the oil was extracted
from recently harvested fruits. The maturation stage of the fruits,
storage and processing conditions may have accelerated oxidative
processes and promoted the development of peroxides.
Peroxide value is directly related to the oxidative stage of veg-
etable oil. The oxidation reaction of lipids, which involves the
development of free radicals and thereby, of peroxides, occurs in
three steps: initiation, propagation and termination. Peroxidestend to accumulate on the propagation step, yet, due to its unstable
nature, they eventually decompose and its concentration can be
reduced. Thus, the peroxide value itself may lead to misinterpreta-
tions about the rancidity of the oil (Ordóñez, 2005). From these
analyses, only the macauba kernel oil was chosen for permeation
experiments, due to its higher integrity.
Acidity and peroxide value were also measured for kernel oil
after membrane permeation assays. Retained oil from the mem-
branes that showed the best retention values were analysed, i.e.,
UH004, 12 h iso-propanol + 12 h n-hexane, 1:5, UP005, 12 h etha-
nol + 12 h n-hexane, 1:3, and NP010, 2 h ethanol + 12 h n-hexane,
1:5. No signiﬁcant changes were observed in macauba kernel oil
characteristics after membrane ﬁltration. Therefore, partial desol-
ventising of macauba oil showed satisfactory results on avoiding
damages in oil quality.
The characterisation of macauba’s pulp and kernel oils by TLC is
shown in Fig. 6. Clearly the pulp oil has higher amount of free fatty
acids (FFA) than the kernel oil. Consequently, the kernel oil pre-
sented higher quantities of triacylglycerides (TAG) than pulp oil.
Contents of mono- and diacylglycerides presented no visible differ-
ences. These results are in accordance with data found for peroxide
and acidity, conﬁrming the better quality of the kernel oil.
The results for fatty acids proﬁle are shown in Table 5. Hiane
et al. (2005) also studied macauba pulp and kernel fatty acids
and observed, to pulp oil the predominance of oleic acid (C18:1).
Kernel oil showed the presence of short chain fatty acids like lauric
acid (C12:0) in the same proportion of long chained unsaturated
fatty acids, such as oleic (C18:1) and linoleic (C18:2). Results for
kernel oil fatty acid proﬁle are different from the ones presented
by the aforementioned authors. Such differences may be related
to several causes from fruit harvest to oil extraction and storage.
According to reported by Hiane et al. (2005), they collected fresh
fruits directly from the palm trees and extracted the oil using the
Bligh & Dyer method, which is a rapid method for lipid extraction
with high purity, with no additional process.
Fig. 6. TLC results for macauba pulp and kernel oils.
Table 5
Macauba pulp and kernel oil fatty acids proﬁle analysed (P1: pulp, K1: kernel) and
reported by Hiane et al. (2005) (P2: pulp, K2: kernel) before membrane ﬁltration.
Fatty acid P1 (%) K1 (%) P2 (%) K2 (%)
C6:0 Caproic – 0.2 – –
C8:0 Caprilic 0.3 3.1 0.45 5.96
C10:0 Capric 0.1 2.4 0.27 1.79
C12:0 Lauric 1.0 24.6 1.97 12.95
C14:0 Myristic 0.3 4.6 0.45 9.49
C16:0 Palmitic 12.0 8.4 15.96 12.62
C16:1 Palmitoleic 1.6 1.6 1.01 2.29
C18:0 Stearic 2.3 2.6 5.92 6.58
C18:1 Oleic 72.7 26.9 65.87 40.17
C18:2 Linoleic 5.5 24.8 5.10 5.91
C18:3 Linolenic 0.5 0.2 2.52 1.92
C20:0 Eicosanoic 0.2 0.3 0.50 0.30
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In this study UF and NF membranes were tested for the poten-
tial to be used on the solvent recovery of synthetic mixtures of
macauba oil and n-hexane.
Retentions around 30% were related to lower molar mass cut-
off membranes, i.e., NP010 (1 kDa), UH004 (4 kDa) and UP005
(5 kDa). Higher permeate ﬂux was associated to higher molar mass
cut-off, i.e., UH050 (50 kDa), which presented higher ﬂuxes for
both applied pre-treatments. Despite the high ﬂuxes, indicative
of potential for application, this membrane presented mainly neg-
ative retentions, which suggest the occurrence of swelling and
plasticisation, and implies in inadequacy of this membrane for
the desolventising step of mixtures of oil and n-hexane. In general,
negative retentions can be achieved, if the solute is preferably
interacting with the membrane material. The best balance between
permeate ﬂux and oil retention was found for the NF membrane
(12.4 g m2 h1, 35%).
Although the type of solvent and pre-treatment time did not
show a tendency, this step is very important, since without it there
was no oil and n-hexane mixture permeation. Despite the quality
and composition homogeneity of macauba oil will depend on itsprovenance, extraction method and storage, membrane partial
desolventising showed satisfactory results on avoiding quality
decrease, according to analysed parameters, acidity and peroxide.
Oil characterisation analyses showed that both pulp and kernel
oil had already high levels for acidity and peroxide before mem-
brane process.
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